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© Divider circuit 


© A pulse train divider circuit comprises a first Hljp- 
. flof> (1) whose Q output is connected to the D input 
of a second flip-flop (2) whose Q output is con- 
nected to the D input of the first flip-flop (1). A pulse 
train to be divided is applied via an input (3) directly 
to the clock input C of the first flip-flop (1) and via a 
circuit (4) which delays the pulse train applied to the 
^jf clock input C of the flip-flop (2) to provide a given 
^ phase relationship between the pulse trains at the 
t— two clock inputs. The circuit divides-by-two and the 
resulting divided pulse trains available at the various 
*~ outputs have phase relationships depending on the 
O phase relationship of the applied pulse trains at the 
^ clock inputs. 
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"DIVIDER CIRCUIT- 


The present invention relates to a pulse train 
divider circuit comprising first and second D-type 
flip-flops having the Q output of the first flip-flop 
connected to the D input of the second flip-flop 
whose Q output is connected to the D input of the 
first flip-flop, the pulse train to be divided being 
applied to the clock inputs of each of said flip-flops. 

A divider circuit of the above type is disclosed 
in Electronic Letters, volume 18, number 13, dated 
24th June, 1982, at page 581. This reference 
shows two D-type flip-flops connected and driven 
to produce divide-by-four outputs of fixed phase 
relationship. 

It is an object of the invention to provide a 
divider circuit of the type described in the opening 
paragraph having a different divisor. 

The invention provides a pulse train divider 
circuit comprising first and second D-type flip-flops 
having the Q output of the first flip-flop connected 
to the D input of the second flip-flop whose <? 
output is connected to the D input of the first flip- 
flop, the pulse train to be divided being applied to 
the clock inputs of each of said flip-flops, charac- 
terised in that said divider circuit additionally com- 
prises means for causing the pulse train applied to 
one of said flip-flops to be out of phase with the 
pulse train as applied to the other of said flip-flops, 
the circuit being capable of providing a divided 
pulse train at each output of each flip-flop at half 
the frequency of the applied pulse train, the divided 
pulse train present at an output of the first flip-flop 
having a specific phase relationship with the di- 
vided pulse train at an output of the second flip-flop 
which relationship depends on the phase relation- 
ship between the pulse trains as applied, to the 
clock inputs of the first and second flip-flops. x 

Such a divider circuit has the advantage that it 
can divide by two and in addition the phase rela- 
tionship between two outputs can be selected, 
within limits, by controlling the phase relationship 
of the pulse train as applied to the clock inputs of 
the respective flip-flops. 

When the means causes the pulse train ap- 
plied to the clock input of the first flip-flop to lead 
the pulse train applied to the corresponding input 
of the second flip-flop by N degrees the divided 
pulse train at an output of the said first flip-flop 
leads the divided pulse train at the corresponding 
output of the second flip-flop by 1/2N degrees. In 
such a case the means can take the form of a 
delay circuit which can either by fixed or variable. 

As an alternative, the means may comprise an 
inverter circuit provided in the connection of the 
pulse train to the clock input of one of the flip-flops, 
the divided pulse train at the output of said first 


flip-flop leading the divided pulse train at the cor- 
responding output of the second flip-flop by 90 
degrees. In such a case there is a 180 degrees 
phase difference between the pulse trains at the 
5 clock inputs of the respective flip-flops and it does 
not matter to which of these inputs the inverter is 
connected. 

The above and other features of the invention 
will now be described, by way of example, with 
70 reference to the accompanying drawings in which:- 
Figure 1 is a block diagram of a pulse train 
divider circuit according to the invention, 

Figure 2 shows pulse diagrams for explain- 
ing the operation of Figure 1 , 
75 Figure 3 is a block diagram of a modification 

of the divider circuit shown in Figure 1, 

Figure 4 shows pulse diagrams for explain- 
ing the operation of Figure 3, 

Figure 5 is a block diagram of a further 
20 modification of the divider circuit shown in Figure 
1, and 

Figure 6 shows pulse diagrams for explain- 
ing the operation of Figure 5. 

Figure 1 shows a first D-type flip-flop 1 con- 

25 nected to a second D-type flip-flop 2 such that the 
Q output of fliprflop 1js connected to the D input 
of flip-flop 2 whose Q output is connected to the 
D input of flip-flop 1 . The pulse train to be divided 
is applied by way of an input 3 directly to the clock 

30 input C of flip-flop 1 and via a circuit 4 to the clock 
input C of flip-flop 2. The circuit 4 changes the 
phase relationship, within limits, of the pulse train 
applied to the second flip-flop 2 wfth respect to that 
applied to the first flip-flop 1 and may take the form 

35 of a delay circuit 

The operation of the divider circuit of Figure 1 
will" be described with reference to the pulse dia- 
grams of Figure 2 in which the two binary con- 
ditions, w 1 " and "0" respectively indicate the high 

40 and low conditions. In Rgure 2 the inputs and 
outputs of the flip-flops are indicated in the normal 
way, the suffix "1 " or "2" indicating that they relate 
respectively to the first or second flip-flop. Rgure 
2a shows the pulse train applied via input 3 directly 

45 to the clock input (C1) of flip-flop 1, the pulse train 
having a 1:1 maricspace ratio. Initially it is assumed 
in Rgure 2bthat the D input (D1) of flip-flop 1, and 
hence the Q output ( Q 2) of flip-flop 2, is high 
with C1 low. When C1 next goes high flip-flop 1 

so changes state such that its Q output (Q1), which 
was previously low, goes high as shown in Rgure 
2c, there being a short delay in the flip-flop chang- 
ing its state, with the result that the D input (D2) of 
flip-flop 2 becomes high. It is assumed that the 
circuit 4 delays the pulse train applied to terminal 3 
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such that there is a 90 degrees lag in the pulse ■ 
train applied to the clock input (C2) of flip-flop 2, 
the pulse train at C2 being shown in Figure 2e. 
When C2 next goes high flip-flop 2 changes its 
state such that output Q 2 goes low with the result 5 
that input D1 goes low, there again being a short 
delay in the flip-flop changing state. * Flip-flop 1 
changes back to its other state on the next occa- 
sion that the pulse train at input C1 goes high to 
drive output Q1, and hence input D2 f low. Ffip-flop w 
2 then changes back to its other state when next 
the pulse train at input C2 goes high to drive output 
Q 2.and hence input D1, low. The cycle is then 
repeated. A change of state of each flip-flop occurs 
each time its clock input goes high with the result 75 
that the applied _pulse train js divided-by-two. The 
outputs at the Q output ( Q 1) for flip-flop 1 and 
the Q output (Q2) for flip-flop are additionally 
shown in Figures 2d and 2f respectively. 

From the various output pulse trains shown in 20 
Figure 2 it will be seen that the outputs of flip-flop 
1 have specific phase relationships with the outputs 
of flip-flop 2 and the divider circuit may be em- 
ployed to provide two pulse trains with a specific 
phase relationship. Thus from Figure 2 it will be 25 
seen that when C1 leads C2 by 90 degrees:- 

Q1 leads Q2by 45 degrees 

Q 1 !eads_ Q 2 by 45 degrees 

01 lags Q 2 by 135 degrees 

Q 1 lags Q2 by 135 degrees. 30 
Figure 3 shows a modification of the pulse train 
divider circuit shown in Figure 1 where correspond- 
ing references indicate corresponding components. 
In Figure 3 the circuit 4 is placed in the connection 
between terminal 3 and the clock input C of flip- 35 
flop 1 such that the applied pulse train at this clock 
input lags the corresponding input in flip-flop 2 by 
90 degrees. Figure 4 shows the pulse diagrams for 
the operation of Figure 3 which use the ^sanie 
references as in Figure 2. This operation will nofbe 40 
described as it will be self-evident following On 
from the description surrounding Figure 1 and 2. 
From Figure 4 it will be seen that when C1 lags C2 
by 90 degrees the following phase relationships 
exist at the flip-flop outputs:- 45 

01 leads Q2by 135 degrees 

Q 1 leads_ Q 2 by 135 degrees 

Qljags Q 2 by 45 degrees 

Q 1 lags 02 by 45 degrees. 
A further modification of the pulse train divider so 
circuit of Figure 1 is shown in Figure 5 where 
corresponding references again indicate like com- 
ponents. In Figure 5 the circuit 4 of Figure 1 has 
been replaced by an inverter 5 such that the pulse 
train applied to the clock input of flip-flop 1 leads 55 
the pulse train applied to the corresponding input 
of flip-flop 2 by 180 degrees. Figure 6 shows the 
pulse diagrams for the operation of Figure 5 which 


again uses the same references as in Figure 2. 
Again the operation will not be described as it will 
be self-evident. From Figure 6 it will be seen that 
when C1 leads C2 by 180 degrees the flip-flop 
outputs have the following phase relationships:- 

01 leads Q2by 90 degrees 

Q 1 leads^Q 2 by 90 degrees 

01 lags Q 2 by 90 degrees 

Q 1 lags Q2 by 90 degrees. 
The same relationships are also obtained if the 
inverter 5 is provided in the connection to the clock 
input C of flip-flop 2 rather than flip-flop 1. 


Claims 

1. A pulse train divider circuit comprising first 
and second D-type flip-flops having the Q output of 
the first flip-flop connected to the D -input of the 
second flip-flop whose Q output is connected to 
the D input of the first flip-flop, the pulse train to be 
divided being applied to the clock inputs of each of 
said flip-flops, characterised in that said divider 
circuit additionally comprises means for causing 
the pulse train applied to one of said flip-flops to 
be out of phase with the pulse train as applied to 
the other of said flip-flops, the circuit being capable 
of providing a divided pulse train at each output of 
each flip-flop at half the frequency of the applied 
pulse train, the divided pulse train present at an 
output of the first flip-flop having a specific phase 
relationship with the divided pulse train at an out- 
put of. the second flip-flop which relationship de- 
pends on the phase relationship between the pulse 
trains as applied to the clock inputs of the first and 
second flip-flops. 

2. A divider circuit as claimed in Claim 1, 
characterised in that when said means causes the 
pulse train applied to the clock input of the first flip- 
flop to lead the pulse train applied to the cor- 
responding input of the second flip-flop by N de- 
grees the divided pulse train at an output of the 
said first flip-flop leads the divided pulse train at 
the corresponding output of the second flip-flop by 
1/2N degrees. 

3. A divider circuit as claimed in Claim 1, 
characterised in that said means comprises an 
inverter circuit provided in the connection of the 
pulse train to the clock input of one of the flip-flops, 
the divided pulse train at the output of said first 
flip-flop leading the divided pulse train at the cor- 
responding output of the second flip-flop by 90 
degrees. 
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© Divider circuit 


© A pulse train divider circuit comprises a first flip-? 
flop (1) whose Q output is connected to the D input 
of a second flip-flop (2) whose CToutput is connected 
to the D input of the first flip-flop (1). A pulse train to 
be divided is applied via an input (3) directly to the 
clock input C of the first flip-flop (1) and via a circuit 
(4) which delays the pulse train applied to the clock 
input C of the second flip-flop (2) to provide a given 
phase relationship between the pulse trams at the 
two clock inputs. The circuit divides-by-two and the 
resulting divided pulse trains available at the various 
outputs have phase relationships depencfing on the 
phase relationship of the applied pulse trains at the 
clock inputs. 

(± The delay circuit (4) may be an inverter giving 
LU180* phase delay. 
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